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Abstract
Scanty data are available on the incidence (i.e., the absolute risk) of second cancers of the head
and neck (HN) and its pattern with age. We investigated this issue using data from a multicentric
study of 13 population-based cancer registries from Europe, Canada, Australia and Singapore for
the years 1943-2000. A total of 99,257 patients had a first primary HN cancer (15,985 tongue,
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22,378 mouth, 20,758 pharyngeal, and 40,190 laryngeal cancer), contributing to 489,855 person-
years of follow-up. 1294 of the patients (1.3%) were diagnosed with second HN cancers (342
tongue, 345 mouth, 418 pharynx, and 189 larynx). Male incidence rates of first HN cancer steeply
increased from 0.68/100,000 at age 30-34 to 46.2/100,000 at age 70-74, and leveled off at higher
age; female incidence increased from 0.50/100,000 at age 30-34 to 16.5/100,000 at age 80-84.
However, age-specific incidence of second HN cancers after a first HN cancer in men was around
200-300/100,000 between age 40-44 and age 70-74, and tended to decline at subsequent ages
(150/100,000 at age 80-84); in women, incidence of second HN cancers was around
200-300/100,000 between age 45-49 and 80-84. The patterns of age-specific incidence were
consistent for different subsites of second HN cancer and sexes; moreover, they were similar for
age-specific incidence of first primary HN cancer in patients who subsequently developed a
second HN cancer. The incidence of second HN cancers does not increase with age, but remains
constant, or if anything, decreases with advancing age.
Impact statement—While the incidence of first primary cancers of the head and neck increases
with advancing age that of second primary cancers is stable between age 40 and 70 and, if
anything, declines thereafter.
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INTRODUCTION
Patients who had a cancer in one of the organs of the head and neck (HN) have a substantial
excess risk of a second primary cancer in the same or another HN organ, and this is a major
reason for their poor prognosis 1-3. Moreover, it has been shown that relative risks (RR) of
second HN cancers are higher at younger age, and decline with advancing age 4, 5.
Population-based information on the incidence of second cancers of the HN, and on its
relation with age are available only from a series of about 3,000 cancers of the oral cavity
and pharynx registered between 1974 and 2003 in the Swiss Cantons of Vaud and
Neuchatel, including 233 second cancers 4. The incidence of second oral and pharyngeal
cancers showed no increase with age, and indeed declined from 30.3/1000 at age 40-49 to
12.5/1000 at age 70-79 years, in sharp contrast with the incidence of the first primary
cancer, which increased 20-fold between age 30-39 and 70-89 4. Thus, those data suggested
that the incidence of second primary cancers of the HN follows the same pattern observed
for breast and a few other neoplasms, indicating no increasing incidence of second
neoplasms with age 5-13.
In order to further investigate the age-relation of the incidence of second HN cancers,
overall and within subsites, we analyzed data from a multicentric study including 13
population-based cancer registries from Europe, Canada, Australia and Singapore. A
previous report on the same dataset analyzed the standardized incidence rates (SIR) of
second HN cancers, and their relation with age at and time since diagnosis of the first HN
cancer, as well as the cumulative risk of second HN cancers 14.
MATERIALS AND METHODS
Data were derived from an international multicenter study of cancer registries that have been
in operation for at least 25 years to conduct a systematic analysis of second primary cancers
14, 15. Briefly, the registries include New South Wales in Australia, British Columbia,
Manitoba and Saskatchewan in Canada, Denmark, Finland, Iceland, Norway, Scotland,
Singapore, Slovenia, Sweden, and Zaragoza in Spain. These registries had cancer data
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covering different time periods within 1943 2000. A high degree of completeness of
ascertainment by the registry is suggested by an appropriate level of microscopically
verified cases, a low proportion of cases registered from death certificates only, and their
consistent inclusion in the “Cancer Incidence in Five Continents” series 16.
Data were provided from each cancer registry on all first primary cancers, including age and
sex of the patient, diagnosis and date of the first primary, follow-up for mortality and
diagnosis and date of the second primary, if any. In this study, registries used different
cancer codes, which were systematically converted into those of the International
Classification of Disease, Ninth Revision (ICD-9).
Here, we analyzed the occurrence of second HN cancers in patients who survived from first
primary HN cancer (ICD-9 codes: tongue: 141; mouth: 143 145; oropharynx: 146;
hypopharynx: 148; pharynx unspecified: 149 and larynx: 161), who have already been
included in a previous report 14. Lip (ICD-9: 140), salivary glands (ICD-9: 142) and
nasopharyngeal cancer (ICD-9: 147) were not included in the analysis.
Coding of multiple primaries in the cancer registries has followed a common set of rules
proposed by the International Association of Cancer Registries and the International Agency
for Research on Cancer 17. According to the rules, a primary cancer is one that originates in
a primary site or tissue and is thus neither an extension, nor a recurrence, nor a metastasis.
Second HN cancers from the same site (defined as tongue, other parts of the mouth,
oropharynx, hypopharynx, pharynx unspecified, and larynx) as the first primary cancer were
excluded from registration in most cancer registration areas, and are therefore not considered
in the present report.
All cases of first primary HN cancers were followed up for second HN cancers from the date
of HN cancer diagnosis (1943–2000) to the date of second HN cancers (1943–2000), the
date of death or end of follow-up (1992–2000), depending on the coverage of each registry
when the study closed.
Expected numbers of second HN cancers were calculated from the accumulated person-
years and the age-, sex-, calendar period-specific first primary HN cancer incidence rates in
each of the cancer registries 18. By comparing the observed and expected number of second
HN cancers, we computed the SIR of HN cancer, and the corresponding 95% confidence
intervals (CIs), based on the Poisson distribution.
We computed age-specific incidence rates/100,000 of first HN cancer in the populations
covered by the cancer registries, and those of second HN cancer in the cohort of patients
with a first HN cancer. For Denmark, Norway, Scotland, Slovenia, Sweden, Spain and
Manitoba, the registries provided the population covered by sex, age and calendar year. For
other registries, population data were derived from the “Cancer Incidence in Five
Continents” volumes 16.
RESULTS
A total of 99,257 patients (74,988 men; 24,269 women; median age 63) had a first primary
HN cancer (15,985 tongue, 22,378 mouth, 20,758 pharyngeal, and 40,190 laryngeal cancer)
who contributed 489,855 person-years of follow-up (mean follow-up time: 4.9 years).
During the follow-up period, 1294 of these patients (1.3%) were diagnosed with second HN
cancers at a different site (342 of the tongue, 345 of the mouth, 418 of the pharynx, and 189
of the larynx), versus 115.75 expected, corresponding to a SIR of 11.2 (95% CI 10.6-11.8)
(Table 1). The SIR was 9.5 in men (based on 995 cases), and 28.3 in women (based on 299
cases). The SIR was 16.4 under age 50, and decreased to 8.8 at age 70 or more. A similar
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pattern was observed in both sexes, although the decrease in the SIR with increasing age at
diagnosis was smaller in women (SIR=36.8 at age <50 and 24.5 at age ≥70) than in men
(SIR=14.6 at age <50 and 6.2 at age ≥70). With reference to subsite at first HN cancer, the
SIRs were 16.7 when the site of the first cancer was the tongue, 14.1 when it was the mouth,
14.0 when it was the pharynx, and 7.1 when it was the larynx. Corresponding figures were
13.2, 11.3, 12.0 and 6.7 in men, and 36.6, 32.4, 31.8 and 13.8 in women. Considering
subsites at second HN cancer, the SIRs were 16.0 when the site of the second cancer was the
tongue, 12.5 when it was the mouth, 11.7 when it was the pharynx, and 6.1 when it was the
larynx. Corresponding figures were 12.6, 10.1, 10.6 and 5.6 in men, and 40.9, 30.9, 24.9 and
12.9 in women.
Figure 1 shows the age-specific incidence of first HN cancer (overall and by subsite) in men
and women separately. In men, incidence rates steeply increased from 0.68/100,000 at age
30-34 to 46.2/100,000 at age 70-74, and leveled off at higher age; in women, incidence
increased from 0.50/100,000 at age 30-34 to 16.5/100,000 at age 80-84. Similar patterns
were observed for various subsites of HN.
The age curve was totally different for second HN cancers, as shown in Figure 2. The age-
specific incidence of second HN cancers after a first HN cancer in men was around
200-300/100,000 between age 40-44 and age 70-74, and tended to decline at subsequent
ages (150/100,000 at age 80-84). Though the patterns were less stable in women due to the
lower number of female HN cancer patients, the incidence of second HN cancers was
similar to that in men around 200-300/100,000 between age 45-49 and 80-84. The patterns
of age-specific incidence were consistent for different subsites of second HN cancer, both in
men and in women.
Analyses of incidence of second HN cancers by subsite of first HN cancer showed similar
age patterns – although less stable – to those observed in the overall analysis (Figure 3).
DISCUSSION
Our data confirm the existence of a substantial excess risk of HN cancer in patients who had
a previous HN cancer as compared to the general population. At every age, incidence rate of
second HN cancers was greater than the rate of first primary cancers, with particularly high
relative risk at younger ages. This is due to the fact that – as observed for breast cancer and
for a few other cancer sites for which it was possible to analyze the incidence of second
primary tumors 5-13 – the incidence of second HN cancers does not increase with age, but
remains constant, or if anything, decreases with advancing age. The higher relative risk of
HN cancers in younger observed in this as in a few other studies 4, 5, 19, well reflects the
age-specific incidence curves of second HN cancers. Likewise, the incidence of primary HN
cancers in patients who eventually developed a second HN cancer does not rise with a power
of age. Rates for all HN sites at age 50 to 75 ranged around 0.40-0.50/100,000 in men and
around 0.1 in women (data not shown in Figure).
Consistent age-specific incidence patterns were observed for various organs within the HN
(i.e., tongue, other parts of the mouth, pharynx and larynx), as well as HN cancers after a
first cancer at the same organs, although the incidence of second HN cancer was generally
lower when the first HN cancer originated in the larynx.
The observed age-specific incidence patterns were also consistent in men and women,
although in women the rates were less stable, due to lower number of female patients.
Interestingly, we observed that, while the incidence of first HN cancer is lower in women
than in men, the incidence of second cancer is similar in the two sexes, and consequently the
SIRs of second cancer are higher in women than in men 19, 20. This has not been reported
Bosetti et al. Page 4
Int J Cancer. Author manuscript; available in PMC 2012 July 1.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
previously, probably because the small sample size of previous studies has precluded
separate analyses for women.
The present findings confirm the age- specific incidence patterns of second primary cancers
reported in a previous analysis on oral and pharyngeal cancer in two Swiss cancer registries
4. The estimates of the absolute, as well as the relative, risk of second HN cancers in our
data are, however, lower than those reported in those cancer registries. This can be due to
various factors, including the higher baseline incidence of oral and pharyngeal cancers in
Switzerland as compared to most countries included in this pooled analysis 16 and the
different registration and exclusion criteria of second tumors in those Swiss registries, as
compared to most of those included in our analyses. The Swiss registries have an active
follow-up of cancer, in particular HN, patients, as also indicated by the high proportion of
patients with a second primary cancer of the oral cavity and pharynx (7.5%) observed in that
cohort, as compared to that reported in our as well as in other studies 19, 21. Our SIR
estimates are, however, comparable with those observed in a nationwide database from
Sweden 21, and higher that those from a few other studies from northern Europe 19, 22.
The interpretation of the age-specific incidence curves for second HN cancers is not simple.
Subjects with a primary cancer of the HN differ from the general population in several
aspects, which can affect their risk of a new primary tumor. They constitute a group of
susceptible subjects, probably characterized by a high genetic predisposition. Moreover, the
exposure to the agents which caused the primary tumors may also have triggered the
development of multiple primary cancers at other HN sites, originated by the same field as
proposed within the “field cancerization” theory 23, 24 or originated from multiple
independent lesions 25. The treatments for their first cancer may also affect their risk of
developing a subsequent primary cancer.
The power relation with age of the incidence of first primary HN cancer has been interpreted
within the multistage model of carcinogenesis, as an indication that tumors arise from the
accumulation of several essentially random genetic changes 26. On the other hand, the
constant age patterns of second HN cancers are not compatible with the occurrence of a
number (5 to 8) of subsequent mutational events or clones of cells 27, 28, but indicate that
this population of susceptible individuals may need a single additional mutational event to
develop a second cancer 29, 30. This is also supported by the similar age pattern for primary
HN cancers in patients who had second HN cancers, observed also for other neoplasms 5, 8,
13.
The tendency for a decline in the incidence of second primary neoplasms of the HN may be
partly due to selective stopping of risk factors modifiable in middle and elderly age, i.e.
smoking and alcohol drinking in (elderly) patients with a first diagnosis of HN cancer, with
the consequent fall in their risk of HN cancer 31. This can, however, be caused by the
progressive elimination of predisposed (very high risk) individuals at young ages, as
suggested also for breast cancer 8, 10, 29, 30, together with some possible under-reporting at
elderly ages, which, however, is unlikely to explain a decline in rates starting at age 55. A
fall in rates in the elderly may also be due to some reduction in the ability to respond to
promoters, as indicated by animal experiments on mice given initiators and promoters at
different times in their life 32, 33.
Increased surveillance of patients who had a first primary HN cancer and some
misclassification – due to difficulties to distinguish second primary cancers from recurrence
of first tumors or metastases – may have affected our rates estimates. We have adopted strict
rules to exclude recurrences of first primaries. This may have led to underestimation of the
real cancer rates, but cannot account for the observed age-specific incidence curves. The
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relatively long follow-up and, mostly, the large number of patients are among the strengths
of this study, which allowed us to provide estimates of age-specific incidence rates of
second HN cancers, not only overall, but also by sex and subsites.
In terms of individual risk assessment and clinical implications, these results indicate that
young HN cancer patients, although rare, are at particularly high risk of developing another
primary cancer in the HN. The rates of second HN cancers of the order of 150 to
250/100,000 in the fifth decade of age are indeed comparable or larger than the rates of all
cancers in the general population at age 40 to 49 34.
Acknowledgments
CB was supported by Environmental Cancer Risk, Nutrition and Individual Susceptibility (ECNIS - European
Union, Sixth Framework Program [FP6] Network of Excellence). The work of CB and CLV was supported by the
Italian Association for Research and Cancer (AIRC). The authors thank Mrs. I. Garimoldi for editorial assistance.
Financial support: National Cancer Institute, HIF grant R03 CA101442.
References
1. Day GL, Blot WJ. Second primary tumors in patients with oral cancer. Cancer. 1992; 70:14–9.
[PubMed: 1606536]
2. Jones AS, Morar P, Phillips DE, Field JK, Husband D, Helliwell TR. Second primary tumors in
patients with head and neck squamous cell carcinoma. Cancer. 1995; 75:1343–53. [PubMed:
7882285]
3. Leon X, Quer M, Diez S, Orus C, Lopez-Pousa A, Burgues J. Second neoplasm in patients with
head and neck cancer. Head Neck. 1999; 21:204–10. [PubMed: 10208662]
4. Levi F, Te VC, Randimbison L, Maspoli M, La Vecchia C. Second primary oral and pharyngeal
cancers in subjects diagnosed with oral and pharyngeal cancer. Int J Cancer. 2006; 119:2702–4.
[PubMed: 16991126]
5. Levi F, Boffetta P, La Vecchia C. High constant incidence rates of second primary neoplasms. Eur J
Cancer Prev. 2008; 17:385–8. [PubMed: 18714177]
6. Levi F, Randimbison L, Te VC, La Vecchia C. Second primary cancers in breast cancer patients in
Vaud, Switzerland. Cancer Causes Control. 1998; 9:463–4. discussion 5. [PubMed: 9794180]
7. Levi F, Randimbison L, Te VC, La Vecchia C. Invasive breast cancer following ductal and lobular
carcinoma in situ of the breast. Int J Cancer. 2005; 116:820–3. [PubMed: 15838829]
8. Vaittinen P, Hemminki K. Risk factors and age-incidence relationships for contralateral breast
cancer. Int J Cancer. 2000; 88:998–1002. [PubMed: 11093827]
9. Bernstein JL, Lapinski RH, Thakore SS, Doucette JT, Thompson WD. The descriptive
epidemiology of second primary breast cancer. Epidemiology. 2003; 14:552–8. [PubMed:
14501270]
10. Bertelsen L, Mellemkjaer L, Christensen J, Rawal R, Olsen JH. Age-specific incidence of breast
cancer in breast cancer survivors and their first-degree relatives. Epidemiology. 2009; 20:175–80.
[PubMed: 19057388]
11. Shureiqi I, Cooksley CD, Morris J, Soliman AS, Levin B, Lippman SM. Effect of age on risk of
second primary colorectal cancer. J Natl Cancer Inst. 2001; 93:1264–6. [PubMed: 11504772]
12. Levi F, Randimbison L, Te VC, La Vecchia C. Re: Effect of age on risk of second primary
colorectal cancer. J Natl Cancer Inst. 2002; 94:529. author reply -30. [PubMed: 11929954]
13. Levi F, Randimbison L, Maspoli M, Te VC, La Vecchia C. Second neoplasms after oesophageal
cancer. Int J Cancer. 2007; 121:694–7. [PubMed: 17417783]
14. Chuang SC, Scelo G, Tonita JM, Tamaro S, Jonasson JG, Kliewer EV, Hemminki K, Weiderpass
E, Pukkala E, Tracey E, Friis S, Pompe-Kirn V, et al. Risk of second primary cancer among
patients with head and neck cancers: A pooled analysis of 13 cancer registries. Int J Cancer. 2008;
123:2390–6. [PubMed: 18729183]
Bosetti et al. Page 6
Int J Cancer. Author manuscript; available in PMC 2012 July 1.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
15. Brennan P, Scelo G, Hemminki K, Mellemkjaer L, Tracey E, Andersen A, Brewster DH, Pukkala
E, McBride ML, Kliewer EV, Tonita JM, Seow A, et al. Second primary cancers among 109 000
cases of non-Hodgkin’s lymphoma. Br J Cancer. 2005; 93:159–66. [PubMed: 15970927]
16. Curado, MP.; Edwards, B.; Shin, HR.; Storm, H.; Ferlay, J.; Heanue, M.; Boyle, P. IARC
Scientific Publ No 160. Lyon, France: IARC; 2007. Cancer Incidence in Five Continents. Volume
IX.
17. Muir, CS.; Percy, C. Classification and coding for neoplasms. In: Jensen, OM.; Parkin, DM.;
MacLennan, R.; Muir, CS.; Skeet, RG., editors. Cancer registration: principles and methodsed.
IARC; 1991. p. 64-81.
18. Breslow, NE.; Day, NE. IARC Sci Publ No 82ed. Lyon, France: IARC; 1987. Statistical methods
in cancer research. Vol. II. The design and analysis of cohort studies.
19. Warnakulasuriya KA, Robinson D, Evans H. Multiple primary tumours following head and neck
cancer in southern England during 1961-98. J Oral Pathol Med. 2003; 32:443–9. [PubMed:
12901724]
20. Jovanovic A, van der Tol IG, Schulten EA, Kostense PJ, de Vries N, Snow GB, van der Waal I.
Risk of multiple primary tumors following oral squamous-cell carcinoma. Int J Cancer. 1994;
56:320–3. [PubMed: 8314317]
21. Li X, Hemminki K. Familial upper aerodigestive tract cancers: incidence trends, familial clustering
and subsequent cancers. Oral Oncol. 2003; 39:232–9. [PubMed: 12618195]
22. Soderholm AL, Pukkala E, Lindqvist C, Teppo L. Risk of new primary cancer in patients with
oropharyngeal cancer. Br J Cancer. 1994; 69:784–7. [PubMed: 8142267]
23. Slaughter DP, Southwick HW, Smejkal W. Field cancerization in oral stratified squamous
epithelium; clinical implications of multicentric origin. Cancer. 1953; 6:963–8. [PubMed:
13094644]
24. Braakhuis BJ, Tabor MP, Kummer JA, Leemans CR, Brakenhoff RH. A genetic explanation of
Slaughter’s concept of field cancerization: evidence and clinical implications. Cancer Res. 2003;
63:1727–30. [PubMed: 12702551]
25. van Oijen MG, Slootweg PJ. Oral field cancerization: carcinogen-induced independent events or
micrometastatic deposits? Cancer Epidemiol Biomarkers Prev. 2000; 9:249–56. [PubMed:
10750662]
26. Armitage P, Doll R. A two-stage theory of carcinogenesis in relation to the age distribution of
human cancer. Br J Cancer. 1961; 11:161–9. [PubMed: 13460138]
27. Doll R. The age distribution of cancer: implications of models of carcinogenesis. Royal Statistic
Society. 1971; 134
28. Day NE. Time as a determinant of risk in cancer epidemiology: the role of multi-stage models.
Cancer Surv. 1983; 4:577–93.
29. Easton D. Breast cancer--not just whether but when? Nat Genet. 2000; 26:390–1. [PubMed:
11101827]
30. Peto J, Mack TM. High constant incidence in twins and other relatives of women with breast
cancer. Nat Genet. 2000; 26:411–4. [PubMed: 11101836]
31. Bosetti C, Gallus S, Peto R, Negri E, Talamini R, Tavani A, Franceschi S, La Vecchia C. Tobacco
smoking, smoking cessation, and cumulative risk of upper aerodigestive tract cancers. Am J
Epidemiol. 2008; 167:468–73. [PubMed: 18056925]
32. Stenback F, Peto R, Shubik P. Initiation and promotion at different ages and doses in 2200 mice. II.
Decrease in promotion by TPA with ageing. Br J Cancer. 1981; 44:15–23. [PubMed: 6789854]
33. Stenback F, Peto R, Shubik P. Initiation and promotion at different ages and doses in 2200 mice. I.
Methods, and the apparent persistence of initiated cells. Br J Cancer. 1981; 44:1–14. [PubMed:
6789853]
34. Parkin, DM.; Whelan, SL.; Ferlay, J.; Teppo, L.; Thomas, DB. IARC Scientific Publ No 155.
Lyon, France: International Agency for Research on Cancer; 2002. Cancer incidence in five
continents. Volume VIII.
Bosetti et al. Page 7
Int J Cancer. Author manuscript; available in PMC 2012 July 1.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Figure 1.
Age-specific incidence rate of first cancers of the head and neck in the general population, in
74,988 male (a) and 24,269 female (b) cases.
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Figure 2.
Age-specific incidence rate of second cancers of the head and neck in 995 men (a) and 299
women (b) who had a first cancer of the head and neck.
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Figure 3.
Age-specific incidence rate of second cancers of the head and neck in patients who had a
first cancer of the tongue (a), mouth (b), pharynx (c) and larynx (d).
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